The quantum state of a wormhole can be represented by a path integral over all asymptotically Euclidean four-geometries and all matter fields which have prescribed values, the arguments of the wave function, on a three-surface S which divides the spacetime manifold into two disconnected parts. The ground-state wave function is picked out by requiring that there be no matter excitations in the asymptotic region. Once the path integrals over the lapse and shift functions are evaluated, the requirement that the spacetime be asymptotically Euclidean can be accomplished by fixing the asymptotic gravitational momentum in the remaining path integral. It is claimed that no wave function exists which corresponds to asymptotic field configurations such that the efFective gravitational constant is negative in the asymptotic region. The wormhole wave functions are worked out in minisuperspace models with massless minimal and conformal scalar fields.
I. INTRODUCTION
Wormholes have been considered as instantons, solu- tions of the Euclidean Einstein equations, which consist of two asymptotically Euclidean regions connected by a throat [1 -7] . These classical wormholes are saddle points of the Euclidean action and, therefore, allow the Euclidean path integral to be approximated semiclassically. One makes the dilute wormhole approximation in which the wormhole ends are far apart from each other so that one can consider that wormholes do not interact and then can be treated separately. Wormholes on the Planck scale may affect the constants of nature and, in particular, may provide a mechanism for the vanishing of the cosmological constant [8 -10] . Wormholes may play an important role in solving problems associated with the complete evaporation and disappearance of black holes [2] . However, classical wormholes may only exist for very special types of matter, those which allow the Ricci tensor to have negative eigenvalues [1, 11, 12] . This may place a strong restriction on the possibility that wormholes have any role in these processes.
However, we need not restrict ourselves to such a semiclassical treatment and the special types of matter that it requires. More generally, one can regard wormholes as solutions of the quantum Wheeler-DeWitt equation with some suitable boundary conditions. Hawking and Page [13] have proposed that the boundary conditions should reAect the fact that the four-geometry is nonsingular, even when the three-geometry degenerates, i.e. , the wave function should be regular in some suitable way when the three-geometry collapses to zero; also, the wave function should be exponentially damped for large threegeometries owing to considering asymptotically Euclidean four-geometries.
I shall concentrate on the behavior of spacetime and matter fields when the three-geometry is large. In the minisuperspace models that I work out in this paper, the first boundary condition is automatically satisfied, the wave functions are regular when the three-geometry collapses. However, these regular solutions can be written as linear combinations of solutions that do not close off with a four-geometry and, hence, have a nonzero Aux of a conserved quantity across any three-surface.
In this paper, I shall assume that the spacetime manifold is divided into two disconnected parts by the threesurface S in which the arguments of the wave function are defined (see, however [14] ).
The wormhole wave function can be represented as the path integral over all asymptotically Euclidean fourgeometries that match a given compact three-geometry which is the argument of the wave function. This can be interpreted as saying that there are no gravitational excitations at infinity (i.e. , at large distance coinpared with the characteristic scale of the wormhole). An extra surface term which eliminates the infinite contribution that comes from the asymptotically Euclidean region should be added to the action. It will be seen that, once the path integrals over the lapse and shift functions have been evaluated, the requirement that the spacetime is asymptotically Euclidean is equivalent to the fixation of the asymptotic gravitational momentum.
The ground state will be picked by restricting the class of matter fields over which one also integrates. It will consist of all regular matter fields which have no sources in the asymptotic region. This reAects the fact that there are no matter excitations at infinity. This is accomplished by requiring that the matter Hamiltonian must vanish asymptotically.
If one considers a coupled scalar field with a potential as the matter content, this means that, at infinity, the field must approach a homogeneous configuration at which the potential has a vanishing minimum.
When the scalar field potential is identically zero, any asymptotic homogeneous field configuration will correspond to a situation in which there are no matter excitations, i.e. , to a ground state, rather than to an excited state [15] . Therefore where Kp is the trace of the second fundamental form of the asymptotic three-surface when it is embedded in Eu-fd xrr g;ki (2.11) This term makes the action of Euclidean spacetime vanish and, therefore, renders the action of asymptotically Euclidean spacetime finite. It removes the infinite contribution that comes from the asymptotic region. Then, the correct form of the action that takes into account the fact that the spacetime is asymptotically Euclidean is clidean spacetime [16] . From Therefore, when one performs the path integration over four-geometries, the gauge freedom that one has in the action must be removed [17] . For this purpose, consider a general gauge transformation, i.e. , an arbitrary change of spacetime coordinates, (2. 12) where I is given by (2.6).
Variations of the action with respect to the threemetric, the matter field, and their respective conjugate momenta yield the classical equations of motion, [17, 18] is not affected by the introduction of the scalar field, as can be easily checked by direct calculation. This algebra is (2. 16) 
The requirement that the spacetime be asymptotically (3.6) , is easy to prove. Let N"(x, r) be any history. The differential equations in e",
must have a unique solution that satisfies the conditions (3.4) and (3.5) . Then it will be the unique gauge transformation that deforms N" into N' '". These .4) sr& is the momentum conjugate to p and C h is the set of histories (q, m~, P, vr&) such that q (0) =q', P(0) =P', n ( co ) = -1, P( oo ) = $0 . With the change of variables [21] The I shall restrict the fourgeometries to have closed, homogeneous three-sections.
The matter content will be a minimally coupled homogeneous massless scalar field.
x (0) = q'cosh/', t (0) = q' sinhg', vr (~) = -cosh/0, m, (~) = sinhgo, .
(5.11) (5.12) and the measure into 2)x 2)t X)n"2)m"due to the fact that the Jacobian is equal to one. In this case, the spatial three-sections will also be isotropic and therefore, a single scalar factor will be sufficient. The FRW metric can be written with the boundary conditions (5.11) and (5.12), it is convenient to shift the integration variables x (r) =x(q.)+X(q. ), t (r) = t(r)+ T(r); qr"(r) =qr"+PI(r), qr, (r) =qr , (r-)+PT(q ), ( [15] .
x(r) =r coshPo+q'cosh/', t(r)=rsinhgo+q'sinhg ' .
The new variables X and T satisfy
Then, the action (5.9) splits into two parts The measure in the path integral (5.13) is directly changed into XIX')PJ2)T X)PT. Io does not depend on X or T and then can be taken out of the integral. The remaining path integral becomes f X)XX)Texp -f dr -, '( -X + T ), (5.21) which is independent of q' and P' and, therefore, it turns out to be a numerical factor [21] . Thus, up to numerical prefactors, -q cosh(P - Po) q, e 7 (5.22) +k(q, (t ) = f +"defoe '" '+t, (q, y) (5.23) is an eigenfunction of the operator~& with eigenvalue k and, therefore, has a nonzero Aux through each threesurface. This wave function cannot close off with a fourgeometry and will oscillate an infinite number of times when the three-geometry collapses to zero. In fact, once the integral over (to is evaluated, the wave function (5.23) takes the form which had already been found as a solution of the Wheeler-DeWitt equation [15] .
This wave function behaves in a regular way when the three-geometry degenerates.
However, the linear combination c(oo)=1, a(oo)=ao . (6.4) +, (a, X)= g P, "(I P', )'"q"(a,X)-, n=0 (6.14)
(a' X')= f 2)a2) Xe wh (6.6) where C h is the class of histories that satisfy (6.4) and (6.5) . Let -( co ) = 1, P( oo ) = -( oo ) = Po .
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